Background: The technique used in the repair of a perineal injury resulting from childbirth could avoid discomfort and morbidity during the postpartum period. Recent studies show inconsistent results and support the need for new research with the inclusion of new health parameters not yet studied. Therefore, this study aims to evaluate if the suture technique (continuous or interrupted) has an effect on pain and other postpartum problems, incidence of incontinence (urinary and/or fecal), and the restart of sexual relations.
Background
During childbirth perineal trauma may occur, either spontaneously or after episiotomy [1, 2] . In Spain the actual rate of episiotomies is unknown: According to the available data, it varies between 33 and 73% of all vaginal deliveries [3] . Perineal trauma rates vary considerably according to individual practices and the policies of each hospital. In 2010, a European study reported that the perineal tear rate oscillated between 0.1% in Romania and 4.9% in Iceland, and the episiotomy rate varied between 3.7% in Denmark and 75% in Cyprus [4] . These injuries result in both short-and long-term morbidity, with possible effects on the pelvic floor [5] , can cause urinary or anal incontinence, perineal pain, and may also affect women's sexual function [2, [4] [5] [6] .
In addition, the type of suture technique used in the perineal lesion repair can also cause maternal morbidity [3, 4] . Different suture techniques exist, with the most used technique being the interrupted suture-closing the skin with separate stitches. In contrast, the continuous suture consists of joining all the tissue layers involved in the perineal lesion with the same suture thread in a continuous manner [3, [7] [8] [9] .
Different studies have associated the suture technique and type of suture with differing complaints and pathologies in women [3, 7, 8, 10] . In 2008, a randomized controlled trial addressing perineal repair was conducted in Spain where a continuous suture repair used in 233 women and a interrupted suture technique in another 222 women [11] . No significant differences in pain were found between these repair techniques. In contrast, in Turkey a 2009 study conducted on 160 women concluded that a continuous suture technique was associated with less pain in the shortterm [12] . A 2012 Cochrane review that included 16 studies also concluded that women who had continuous sutures experienced less pain in the short-term and also required less analgesia [13] . In this review, only pain and the requirement for analgesia in the short-term and at 10-days were taken into account, and it recommended carrying out more research to address the outcomes relevant to women; including sexual problems and pelvic floor muscle dysfunction (such as incontinence) in the immediate period as well as in the long-term after delivery [13] . However, a clinical trial conducted in 2017 in India with 200 women, concluded that there was no difference between the two suture techniques in terms of pain on days 2, 10 and 90: This study did not assess other outcomes [14] .
The use of one or another technique in the repair of perineal trauma can prevent morbidity and discomfort to women in the postpartum period. Therefore, the aim of this study was to evaluate whether the suture technique (continuous vs interrupted) had an effect on pain, incidence of incontinence (urinary and/or fecal), and the restart of sexual relations.
Methods
A prospective, controlled, multicenter clinical trial was conducted, with random allocation of women to two groups, between the months of November 2016 and May 2018.
Population selection
The reference population was women who gave birth in the following hospitals situated in south-east Spain: San Juan de la Cruz in Ubeda (Jaen), San Agustin in Linares (Jaen), Jaen University Hospital Complex, University Hospital Virgen de las Nieves (Granada), and Hospital Torrecardenas in Almeria.
The inclusion criteria were: Age > 18 years, primiparous, singleton and eutocic delivery, second-degree perineal tear or an episiotomy as part of labor, and a newborn weight between 2500 g and 4000 g. The following exclusion criteria were used: language barrier, problems related to the pelvic floor prior to labor (prolapse, incontinence, vulva varices, etc.), dyspareunia or sexual dysfunction, hemorrhoids perceived as uncomfortable or painful, or women who did not wish to participate or did not sign the informed consent.
To estimate the sample size, the main outcome was taken into account: pain. Sample size estimation was based on the next assumptions: a statistical power of 80%, an α level of 5%, a 1:1 allocation between the intervention group and the reference group, a frequency of pain of 60.4% in women with interrupted sutures [9] , and a priori reduction of pain of 50% with continuous sutures. With these assumptions 54 women would be required in each group: Assuming a loss of 20%, the sample size needed was 67 women in each group. Figure 1 .
Intervention
Two types of sutures were used for the perineal injury using two different techniques: Group A received continuous sutures and Group B had interrupted sutures placed. The two techniques and sutures are described in more detail in Additional file 1. The women were allocated to a treatment group using a computer-generated random numbers table. The generated sequence was placed in individual opaque envelopes that were opened when a woman met the inclusion criteria.
The health personnel that placed the sutures had previously taken a training course on continuous suture technique and had at least 1 year of experience in this technique. Additionally, this person had a minimum of 5 years of experience in attending deliveries and, therefore, also in the suturing of perineal injuries. The sutures were placed by ten trained midwives. Around 5% [1] of the midwives in Torrecardenas, 10% [2] in the Hospital Complex of Jaen, 12% [3] in Granada, and 20% [2] of the midwives in Ubeda and Linares participated.
Data collection
To evaluate the perception of pain experienced by women during labor the verbal rating scale (VRS) was used [15] .
Data was collected on sociodemographic variables, type of perineal injury (tear of second-degree or episiotomy), type of suture used, time spent placing suture, number of suture packets used, complications, severity of pain, type of pain, need for analgesia, wound condition, care performed, urinary and/or fecal incontinence, start of sexual relations, and start of physical activity. Data was also collected on the start of labor (spontaneous or induced) and type of delivery, medication during dilation, type of analgesia used, gestational week, duration of the first stage of labor, second stage labor and delivery, as well as data regarding the newborn.
Information was gathered by midwives who interviewed the women in the delivery room, providing them with an informed consent form. The rest of the data were obtained from the clinical history, maternal record book and via follow-up phone calls. The women were blinded to the suture technique used.
Follow-up
The women were followed-up as follows:
Day of childbirth: in the postpartum period, the midwife collected data on the type of delivery, need for epidural analgesia, duration of dilation, stage two of labor, delivery, type of perineal trauma, time used to place suture, number of suture packets, wound complications, newborn weight and the Apgar score at 1 min and at 5 min. After the suture was placed, they assessed pain on the pain scale and assessed the wound.
Follow-up after delivery was done at 2 h, 24 h, 15 days and 3 months. Pain, need for analgesia, wound condition, sphincter incontinence, and the start of sexual relations were assessed (15 days and 3 months).
Data analysis
First of all, randomized groups were compared regarding variables which could influence the outcomes: statistically significant imbalances were found for marital status and attendance to a health education course during pregnancy. Associations between binary outcomes (e.g., pain -yes/no, incontinence -yes/no) was ascertained by computing odds ratios (OR) and their 95% confidence intervals (CI); the variables imbalanced after randomization were adjusted for using a non-conditional logistic regression analysis. Normality was checked in continuous variables (e.g., pain assessed by verbal rating scale, time to restart sexual intercourse). In the comparison of continuous outcomes between the two groups the t-test was applied in univariate analyses, and the analysis of covariance to adjust for the two imbalanced baseline variables.
Ethics approval
The study was carried out following the precepts included in the Belmont report and the Declaration of Helsinki (updated at the Brazil Assembly in 2013) for biomedical research.
Both the design and the development of the work conform to the standards of good clinical practice (CPMP / Ethical approval was obtained from the Ethics Committees of the hospitals participating in the study: Written informed consent was obtained from all the women before recruitment into the study. Informed consent was obtained from the women participating in the study and we also followed the protocols established by the respective health centres for accessing data from medical records to carry out this type of research with the purpose of publication/disclosure to the scientific community.
(ClinicalTrials.gov Identifier: NCT03825211, restrospectively registered)
Results
A final total of 70 women were included in the intervention group-who received continuous sutures-and 64 were in included in the reference group.
In Table 1 the two groups are compared according to different sociodemographic, pregnancy, and labor/delivery variables. No significant differences were found between groups for age, education level, body mass index, presence of prior illnesses, or physical exercise during pregnancy. Significant differences were only observed in two variables: civil status and attendance at the education program during pregnancy on labor and newborn care. In the group with interrupted suture there were more single women and also more women attending the educational program on pregnancy, labor and care of newborn. With respect to civil status, 67.2% (n = 47) in the continuous suture group were married, compared with 59.4% (n = 38) in the interrupted suture group (p = 0.047). In terms of attendance at an education program during pregnancy, 54.3% (n = 38) of the continuous suture group attended this, compared with 73.4% (n = 47) in the interrupted suture group (p = 0.031).
With respect to the duration of the suture, the time to place suture in the intervention group had a mean of 14.1 ± 0.9 min, compared with 18.2 ± 1 min in the reference group (p = 0.003). The number of suture packets that were needed to perform the continuous suture was on average of 1.1 ± 0.03 packets, compared with 2.3 ± 0.06 used in the interrupted technique (p < 0.001). Table 2 shows the association between the suture technique that was used and the effects measured as binary variables. Of the women who had an interrupted suture 66.7% (n = 42) required analgesia at 24 h, compared to 52.9% (n = 37) of those who had continuous sutures; with a negative association observed (aOR = 0.39, 95% CI = 0.18-0.86) (p = 0.019). Regarding pain in the perineal area at 15 days postpartum, this was experienced by 31.4% (n = 22) in the intervention group, compared to 53.1% (n = 34) of the women who underwent interrupted sutures (aOR = 0.38, 95% CI = 0.18-0.80) (p = 0.011). Urinary sphincter incontinence was also assessed at 15 days, and was experienced by 4.3% (n = 3) of the women in the intervention group vs 18.8% (n = 12) in the reference group (aOR = 0.11, 95% CI = 0.03-0.47) (p = 0.003). The number of women restarting sexual intercourse was small and no difference was found between the two groups at 15 days, but at 3 months the number of women normalizing their sexual relationships was higher in the intervention group (aOR = 4.78, 95% = 2.14-10.64) (p<0.001). Table 3 shows the results with the variables measured continuously. The pain manifested by women at 24 h postpartum was scored as 4.4 ± 0.3, compared to 3.4 ± 0.3 by those of the continuous suture group (p = 0.011). Three months after the suture was placed pain was assessed in the perineal area, with a score of 0.7 ± 0.2 in the reference group, compared to 0.2 ± 0.2 in the intervention group (p = 0.030). There were no significant differences regarding the days after delivery to restart sexual intercourse, although it was higher in the reference group.
Discussion
Women who had a continuous suture repair showed less pain at 24 h and required less analgesia. The pain was also less at 15 days and at 3 months postpartum. The women in the intervention group also had a lower rate of urinary incontinence at 15 days after delivery. There were no differences in pain at 2 h, neither in the rate of wound dehiscence, nor in the time elapsed for the initiation of sexual relations.
As these were eutocic deliveries, all deliveries were assisted by midwives. However, we do not believe that the type of professional who attends the delivery would influence these results, and therefore if this type of suture had been performed by a gynecologist the results would not have been affected as long as they were eutocic deliveries.
Randomization did not achieve complete balance in all the variables between the two groups. Unbalanced variables were civil status and attendance during pregnancy at an education course on pregnancy, delivery and newborn care. These differences were corrected using multivariate analysis. As marital status and education received during pregnancy may affect the participants' answers on subjective outcomes, such as pain, the results were adjusted for these two variables too, which did not modify the results of the crude analysis. Another limitation that may exist is that the midwives who collected the data knew the group to which the women belonged, which could affect the collection of pain data and to a lesser extent the identification of incontinence. An attempt was made to reduce this potential source of bias with an objective questionnaire in which the midwives did not influence data collection and using a pain scale-the verbal rating scale (VRS) [15] .
A strength of this study was that the women did not know the suture technique used (simple blinding) and therefore their answers could not be influenced by knowing the intervention. In the exclusion criteria, parity was taken into account since it has an influence on the discomfort and problems in the postpartum period [16] .
Despite a restricted episiotomy policy, episiotomy rates are high (around 50% in both groups) in line with the results of other authors [1, 3] . [17] which included seven studies concluded, although not significantly, that the severity of pain up to the tenth day was considerably less with the continuous repair method, and that this difference was maintained up to 12 months after of childbirth, in line with our results. One of the included studies was that of Fleming [18] in 1990, in which they suggested that the difference in pain could be caused by the edema produced from the increased pressure in the sutures. A priori this might explain the lower levels of pain observed in our study group at 24 h and 15 days postpartum. This difference was not detected in the first 2 h, possibly because this edematous reaction had not yet occurred; however, we do not believe that this could be the reason that explains our results with respect to pain at 3 months. Valenzuela et al. [11] in Spain and Kindberg et al. [19] in Denmark conducted randomized studies of continuous compared to interrupted sutures for perineal repair, both with a sample of 400 women in two groups evaluating the level of pain and the use of analgesia on day two, day ten, and at 3 months postpartum. These studies did not observe any significant difference between the two groups, which to some extent is contrary with our results which showed a lower use of analgesia in the first 24 h. In Turkey, Kokonali et al. [12] conducted a trial in which 160 women were included and concluded that the pain with a continuous suture was significantly less severe than with an interrupted suture repair technique. In this trial, pain was assessed with the performance of different activities. However, it did not take into account parity, and only women who had undergone an episiotomy were included, unlike the study by Valenzuela et al. [11] who evaluated second-degree tears and episiotomies.
The time difference between a continuous suture repair and an interrupted suture repair was 4 min. Valenzuela et al. [11] demonstrated that a continuous suture required 1 min less than interrupted sutures. Results from other authors also report similar findings [ 12, 17] . Another significant difference was the use of less suture material in the continuous repair compared with the repair using interrupted sutures, with a difference of more than one packet. This was also reported in other studies, such as Hasanpoor et al. [8] in Iran, Valenzuela et al. [11] in Spain and Kokonali et al. [12] in Turkey.
Although the commencement of sexual relations was almost 1 week earlier in women with a continuous suture and the mean difference in days till first sexual intercourse was approximately 5 days compared with the continuous suture group, this difference was not significant between groups. Shrivastava et al. [14] and Valenzuela et al. [11] reported the opposite results, with a later re-initiation of sexual relations in the group with continuous sutures. Our results showed that women with a continuous suture had a higher frequency of having normalized their sexual relations at 3 months postpartum.
In our study, we observed less cases of urinary incontinence at both 15 days and at 3 months in women with a continuous suture. We were unable to compare this last result as it has not been analyzed in any previous study.
Implications for future research
To address significant knowledge gaps in this area, research is needed that: [1] identifies the impact of the type of suture on all types of vaginal delivery, including instrumental deliveries and in multiparous women [2] ; identify or, if necessary, develop measures of impact of care in this area [3] ; identify the factors that influence professionals to perform one type of suture or another [4] ; develop and evaluate the efficacy of continuous suture of the perineal lesion to reduce the negative impact of this and its comorbidities on women in instrumental deliveries [5] ; quantify the direct medical costs associated with the comorbidities associated with the type of suture that is performed and identify the factors that influence these costs; and [6] quantify and fully explore the indirect costs of the type of suture. Research that addresses these objectives will provide the empirical basis necessary to improve the quality of life of women.
Conclusion
The findings in our study demonstrated lower levels of pain, less need for analgesia at 24 h, and a lower incidence of urinary incontinence at 15 days postpartum in the group of women how had a continuous suture. In addition, less time is needed for a continuous suture repair and the amount of suture required is lower for a continuous repair compared with an interrupted suture technique. 
